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HYDRAULIC TOOLING FIXTURE 

This application claims the benefit under 35 U.S.C. § 120 of application Ser. 
5 No. 09/337,895 filed June 21, 1999 which is incorporated herein by reference in its 
entirety. 

FIELD OF THE INVENTION 

This invention relates to a tooling fixture to support a workpiece. In particular, 

10 this invention relates to a hydraulic fixture for supporting a flexible substrate such as a 

printed circuit board to be used in a screen printing machine or placement machine. 

BACKGROUND OF THE INVENTION 

Fabrication of large volumes of electronic circuitry is economically 

a 

q 15 accomplished using automated equipment. According to one known process a viscous 

M= solder paste is applied to selected areas of a printed circuit board through a stencil in a 

us 

□ screen printing machine. Electronic components are then placed on the applied solder 

paste using a placement machine (also known as a pick-and-place machine). The 
printed circuit board and components are then heated in a reflow oven to a temperature 
20 sufficient to melt the paste, causing it to flow over the leads of the components and 
adjacent areas of the printed circuit board, thereby forming solder joints and 
completing the electronic circuit. 

Within the screen printing machine a pair of conveyor belts support the printed 
circuit board by its edges. The conveyor belts move the board into the machine and 
25 position it relative to the stencil. A tooling fixture below the underside of the board is 
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raised so that it presses upward on the lower surface of the board t> provide support 
for the board during the printing process. The board and tooling are then raised until 
the top surface of the board contacts the stencil. A printhead applies the solder paste to 
the top surface of the stencil and presses the paste against the stencil. Pressure applied 
5 by the printehead forces solder through holes in the stencil and onto the top surface of 
the board. The tooling fixture prevents the board from flexing away from the stencil 
as pressure is applied by the printhead. 

Conveyor belts also move the circuit board through the placement machine. 
After solder is applied to the board by the screen printing machine, the board is moved 
10 into the placement machine and positioned relative to a robotic pick-and-place head. 
A tooling fixture located below the board is raised to support the underside of the 
board. Under the control of a program that defines* the proper location of each of the 
components of the circuit, the pick-and^>lace head sequentially presses each 
component onto its proper location on the printed circuit board. The tooling fixture 
1 5 prevents the board from flexing as pressure is applied by the pick-and-place head. 

Where components are placed on only one surface of the board, the tooling 
fixtures merely have to support a flat surface, and only slight modifications to the 
fixtures need to be made to accommodate boards with different linear dimensions. 
However, in order to better utilize the surface area of printed circuit boards and 
20 produce more compact circuitry, components are often placed on both surfaces of the 
board. In such cases, after components have been applied to one side of the board, the 
board is then turned over and components are placed on the other side of the board. 
Consequently, a second tooling fixture is required that conforms to the three- 
dimensional surface created by the components placed on the board. Since each 
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different circuit layout has a different three-dimensional shape, this second tooling 
fixture must be customized for each layout- 
One way to provide a customized, three-dimensional tooling fixture is to 
manually assemble blocks on the top surface of the tooling fixture that are arranged to 
contact the portions of the board not populated by components. However, this method 
is time consuming because an operator must reposition the blocks each time a different 
board is processed. This method is particularly cumbersome when a large number of 
different types of circuit boards are fabricated on the same assembly line. 

Another method is to provide an array of electronically addressable posts that 
are either retracted in positions where a component is attached or extended where they 
can contact the board surface to provide support. A computer program directs the 
tooling 'fixture to configure the posts to conform to each printed circuit board that is 
fabricated. This method provides a faster means to change from one tooling 
configuration to another than the manual assembly of blocks. However, a separate 
computer database must be created for each layout of each board. Further, since no 
support is provided to the board in areas covered by components, certain portions of 
the board may be inadequately supported. Unsupported portions of the board may flex 
during processing resulting in misalignment between the stencil or the pick-and-place 
head and the board. 

Yet another method is to provide a robot mechanism to automatically take 
support pillars from a reservoir and place them in the required positions to support the 
board. This method is faster and more consistent than manually placing support 
blocks, but needs a separate computer database for each board type to define where 



pillars should be placed and can only provide support where there is clear space on the 
board for the pillar. 

Prior to using a customized fixture with a new board layout, an operator must 
carefully inspect the fit between the tooling fixture and the board to make certain that 

5 misalignment and dimensional tolerances do not cause an extended post, positioned 
pillar, or a manually positioned block to contact a component. Such contact will cause 
the tooling fixture to flex the board upward resulting in misplacement of the solder 
paste or components. More importantly, flexure of the board upward against the 
stencil can cause damage to the stencil or printhead of the screen printing machine. 

10 Inspection of the tooling fixture each time a new type of board is fabricated 

complicates the manufacturing process and lowers throughput. Further, if the operator 
fails to properly inspect the fit between the board and the fixture, large numbers of 
misaligned boards may be produced or costly damage to the equipment may result. 

Furthermore, even when a fabrication line produces only a single type of 

15 printed circuit board, each side of the board requires a different tooling fixture surface. 
A "flaf ■ tooling fixture supports the unpopulated side of the board while the first side 
is screen printed and populated with components, and then a customized fixture 
supports the now populated side while the second side of the board is screen printed 
and populated. Even this tooling change reduces the throughput of the fabrication line. 
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SUMMARY OF THE INVENTION 

in view of the above-identified problems with know methods for forming 

tooling fixtures, it is an object of the present invention to provide a tooling fixture that 

conforms to an uneven surface without having been configured beforehand- 
It is another object of the invention to provide a tooling fixture that supports an 

uneven surface formed by a printed circuit board with components fixed thereon 

within a screen printing machine. 

It is yet another object of the invention to provide a tooling fixture that 

supports an uneven surface formed by a printed circuit board with components fixed 

thereon within a placement machine. 

It is still a further object of the invention to provide a tooling fixture that adapts 

to the surface of populated and unpopulated printed circuit boards. 

It is still a further object of the invention to provide a tooling fixture that 

supports a workpiece using an array of hydraulic cylinders driving a respective array 

of pistons. 

It is still a further object of the invention to provide a tooling fixture that 
supports a workpiece using an array of bearing and seal assemblies for directing an 
array of support rods to be driven. 

According to one aspect of the present invention a block is provided with a 
plurality of cylinders. Each cylinder surrounds a piston that drives a rod extending out 
of the top surface of the block. The cylinders are connected with a pressure sensor and 
an accumulator. A controllable valve is connected between the accumulator and the 



cylinders. Opening the valve allows hydraulic fluid to flow between the cylinders and 
the accumulator. The pressure sensor monitors the hydrostatic pressure of the 
hydraulic fluid in the cylinders. A compressed air source is connected to the 
accumulator through a further valve, such that when this valve is opened a force is 
5 generated to drive fluid into the cylinders, thereby causing the pistons to extend from 
the block. Similarly a vacuum source is also connected to the accumulator through a 
third valve, such that with this valve open and the compressed air valve closed, a 
vacuum is applied to the accumulator to draw fluid from the cylinders, thereby causing 
the pistons to retract into the block. The pressure sensor and the valve are connected 
10 with a controller that opens and closes the valve in response to a control sequence and 
the hydrostatic pressure in the cylinders. 

The tooling fixture according to this aspect conforms to an uneven surface as 
follows. The controller opens the fluid valve and the vacuum valve to draw fluid from 
the cylinders causing the pistons to retract the rods into the block. A workpiece is 
15 positioned above the fixture. The workpiece can be substantially flat or can have 
three-dimensional structures fixed thereon. According to one embodiment, the 
workpiece is a printed circuit that is either populated with components or else 
unpopulated. The controller closes the vacuum valve and opens the compressed air 
valve, forcing fluid into the cylinders and raising the rods. When all of the rods have 
20 contacted the surface of the workpiece, the pressure of the fluid sensed by the pressure 
sensor rises. When this pressure reaches a predetermined threshold, the controller 
closes the fluid valve and the compressed air valve, and the positions of the rods are 
fixed. Force applied to the top surface of the workpiece, for example by the printhead 
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of a screen printing machine, is opposed by the rods and deflection of the woikpiece is 
prevented. 

According to another embodiment of the present invention a tooling fixture 
module is provided with a plurality of cylinders. Each cylinder surrounds a piston 
wherein a portion of the piston extends out of the top surface of the module. The 
cylinders are connected with a fluid reservoir and pressure source. A control valve 
assembly is connected between the fluid reservoir and the cylinders. Opening the 
valve permits fluid to flow between the cylinders and the fluid reservoir, providing for 
raising or lowering the pistons. 

The tooling fixture according to this aspect conforms to an uneven surface as 
follows. Pneumatic pressure acts on a main piston, located within a fluid source. The 
fluid then acts on a control valve while in its open position in order to provide fluid to 
the cylinders of the module, causing a portion of the pistons to extend out of the 
module body. A workpiece is positioned above the tooling fixture. The workpiece 
can be substantially flat or can have three-dimensional structures fixed thereon. This 
workpiece can be a printed circuit that is either populated with components or else 
unpopulated. Each piston that makes contact with the workpiece will remain in this 
contact position while the other pistons continue to extend out of the module. After all 
of the pistons have made contact with the workpiece, the control valve closes, 
preventing the fluid from further entering or leaving the cylinders, thus effectively 
locking the pistons in a fixed position. Force applied to the top surface of the 
workpiece, for example, by the printhead of a screen printing machine is opposed by 
each piston, and deflection of the workpiece is prevented- In order to lower the 



pistons, the control valve opens, allowing the fluid to exit the cylinders through the 
valve, and the pistons will retract back into the module. 

According to another embodiment of the invention, the fluid source can be in 
the form of a hydraulic tube containing a first main piston therein for forcing fluid 
towards the control valve and into the cylinders causing the pistons to move upward 
extending a portion thereof out of the surface of the module. 

According to another embodiment of the invention, the hydraulic tube can be 
replaced with a fluid reservoir. 

According to a further embodiment of the invention, a second fluid reservoir is 
used in conjunction with the first fluid reservoir to force fluid into cylinder sections 
above the pistons. A second pneumatic pressure source applies pressure directly to the 
control valve and to the second fluid reservoir simultaneously. Consequently the 
control valve is opened and allows fluid to flow from the cylinder sections below the 
pistons into the first fluid reservoir while fluid from the second reservoir is forced into 
the cylinder sections above the pistons, causing a portion of the pistons to retract into 
the module. Similarly, a first pneumatic pressure can be applied to the first fluid 
reservoir in order to force fluid through the control valve and into cylinder sections 
below the pistons. This will force the fluid contained in the cylinder sections above 
the pistons back into the second fluid reservoir, thus raising a portion of the pistons out 
of the module. 

According to a further embodiment of the invention the cylinder and piston 
assemblies are replaced with rod assemblies each containing support rods, integrally 
connected at their bottom portions by a large singular cavity. Applying a first 
pneumatic pressure to a main piston within a fluid reservoir will force fluid through a 
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one-way path in a control valve and into the large singular cavity. The fluid in the 
large singular cavity will force the support rods to extend out of the module until each 
of the rod makes contact with the workpiece. To retract the support rods, a second 
pneumatic pressure is applied to the control valve assembly to open a flow path 
allowing the fluid to flow from the large singular cavity to the fluid reservoir. 

According to another embodiment of the invention the control valve is replaced 
with a permanent aperture between a single reservoir and a large singular cavity below 
a series of rod assemblies. The single reservoir includes a main piston with amain rod 
connected thereto it A first pneumatic pressure source acts on the main rod and main 
piston to extend the combination towards the fluid within the fluid reservoir, forcing 
the fluid within the fluid reservoir through the permanent aperture and into the large 
singular cavity, thus raising the rods. A second pneumatic pressure source acts on the 
main rod and main piston to retract the combination away from the fluid within the 
fluid reservoir, drawing the fluid out of the large singular cavity andback into the fluid . 
reservoir, thus retracting the rods. A third pneumatic pressure source acts on a clamp 
provided to prevent or allow the main piston and main rod combination within the 
reservoir to move. In effect, when pressure is applied to the clanp, the main rod is 
disengaged and permitted to move upon application of pressure applied to it from 
either the first or second pneumatic pressure source. 

It is to be understood mat both the foregoing general description and the 
following detailed description is exemplary and explanatory and is intended to provide 
further explanation of the invention claimed. 

The accompanying drawings are included to provide a further understanding of 
the invention and are incorporated in and constitute a part of this specification, 



illustrate several embodiments of the invention and together with the description, serve 
to explain the principles of the invention. 

Further objects, features, and advantages of the invention will become apparent 
from the detailed description and drawings that follow. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional view of a tooling fixture according to one 
embodiment of the invention. 
10 Fig. 2 is a cross-section view of a piston used in conjunction with the 

embodiment of Fig. 1. 

Figs. 3-5 are cross-sectional views of the embodiment of Fig. 1 illustrating a 
method of operation according to the embodiment of Fig. 1 . 

Fig. 6 is a top view of an alternative arrangement of the embodiment of Fig. 1. 
1 5 pig. 7 is a top view of another alternative arrangement of the embodiment of 

Fig. 1. 

Fig. 8 is an exploded perspective view of a fixture block and piston according 
to another embodiment of Fig. 1. 

Fig. 9 is a perspective view of one embodiment of a single module 100 of the 
20 present invention consisting of two rows of support rods 1 50. 

Fig. 10 is an enlarged and detailed view of a perspective cylinder assembly of 

the present invention. 

Fig. 1 1 is an enlarged and detailed view of a perspective rod to be used within a 

cylinder assembly of the present invention. 
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Fig. 12 is a sectional view of a first embodiment of a module 100 of the present 
invention through one row of support rods. 

Fig. 13 is a perspective view of a second embodiment of a single module 100 
of the present invention consisting of two rows of support rods 1 50. 

Fig. 14 is a downward view of the second embodiment of module 100 of 
present invention. 

Fig. 15 is a partial sectional view along the line A-A of Fig. 14. 

Fig. 16 is a sectional view of the second embodiment of a module 100 of the 
present invention through one row of support rods. 

Fig. 1 7 is an enlarged detailed view of the control valve assembly 200 of Fig. 
1 5 in the miry open position. 

Fig. 18 is an enlarged detailed view of the control valve assembly 100 of Fig. 
1 5 in the closed position. 

Fig. 19 is a sectional view of an alternative embodiment to the control valve 
and pneumatic pressure assembly of Fig. 12. 

Fig. 20 is a sectional view of a further alternative embodiment to the control 
valve and pneumatic pressure assembly of Fig. 12. 

Fig. 21 is sectional view of yet another alternative embodiment to the control 
valve and pneumatic pressure assembly of Fig. 12. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT OF THE INVENTION 
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With respect to the FIGS. 1-21, which illustrate the different embodiments of 
the present invention, but are not intended to limit the same, the present invention 
provides an apparatus and method for supporting a workpiece. 

Fig. 1 shows a cross section of a tool fixture 1 according to a first embodiment 
of invention. A number cylinders 3 are provided in a fixture block 5. The lower ends 
of the cylinders are connected with a manifold 7. A piston 9 is provided within each 
cylinder 3 . The pistons 9 fit snugly within the cylinders 3 so that hydraulic pressure 
within the cylinders 3 will drive the pistons 9. Each piston 9 is connected with a rod 
1 1 . Movement of the piston 9 drives the rod 1 1 into and out of the block 5. Endcaps 
13 are provided at the ends of the rods 11. According to one embodiment the endcaps 
are formed from a relatively soft material, such as a plastic, so mat contact between a 
workpiece and the endcap 13 will not mar the surface of the workpiece. According to 
another embodiment the endcaps 13 are formed form a material that has a high 
coefficient of friction so that the workpiece will not tend to slip when in contact with 
the endcaps 13. 

Fig. 2 shows a cross-section of a piston 9 and rod 1 1 according to an 
embodiment of the invention. The piston 9 includes an O-ring 10. When the piston 9 
is inserted into the cylinder 3, the O-ring 10 forms a slidable seal along the sides of the 
cylinder 3. The O-ring 10 may be formed form an elastomer, for example, buna 
rubber. Alternative seal arrangements are possible without departing from the 
invention. 

As shown in Fig. 1, a tube 15 is connected with the manifold 7 by a valve 19. 
A pressure sensor 17 is connected with the tube 15. The pressure sensor 17 monitors 
the hydrostatic pressure of fluid in the manifold 7 and cylinders 3 and generates a 
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signal that indicates pressure in the cylinders 3. The pressure signal is monitored by a 
controller 1 8. According to one embodiment the pressure sensor 1 7 is an electronic 
sensor that generates a voltage the is proportional to tie pressure in the cylinders 3. 
Alternatively, the pressure sensor is a pneumatic or mechanical sensor that generates a 
pneumatic or mechanical signal that indicates the pressure of the fluid in the 
cylinders3. The valve 19 is opened or closed in response to a signal from controller 
18. According to one embodiment the valve 19 is a normally-closed valve that is 
opened by an electrical current provided by the controller 18. Alternatively, the valve 
19 is a pneumatic or mechanical valve that is opened or closed in response to a 
pneumatic or mechanical signal from the controller 1 8. 

The tube 15 is connected with the lower end of an accumulator 21 . The 
accumulator 21 has a second pipe connecting its upper end to a second valve 29. 
According to one embodiment of the invention, the valve 29 is a three-port valve that 
can be moved to a first or a second position. When valve 29 is in the first position, it 
connects the accumulator 21 with a third valve 27. When valve 29 is in the second 
position, the accumulator 21 is connected through tube 25 to a source of a vacuum (not 
shown). The vacuum draws fluid into the accumulator 21 from the cylinders 3. 
According to this embodiment valve 27 is also a three-port valve that can be moved to 
a first or second position. When valve 27 is in the first position while valve 29 is in 
the first position, the accumulator 21 is vented to the atmosphere through tube 3 1 . 
When valve 27 is in the second position and valve 29 is in the first position, the 
accumulator 21 is connected by tube 23 with a compressed air supply (not shown) that 
drives fluid from the accumulator 2 1 to the cylinders 3. According to one embodiment 
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of the invention, valves 27 and 29 are electrically operated valves that, when de- 
energized, are in their respective first positions. 

According to another embodiment, the accumulator 21 includes a drive piston 
slidable fitted within a master cylinder holding the fluid. The drive piston is coupled 
to an actuator. In response to signals form the controller 18, the actuator raises the 
drive piston to draw fluid into the master cylinder from the cylinders 3 and lowers the 
drive piston to force fluid from the master cylinder to the cylinders 3. 

The function of the accumulator 21 is to hold a sufficient volume of fluid to fill 
the cylinders 3 and manifold 7 when the pistons 9 are driven to the tops of the 
cylinders 3. The accumulator 21 and valves 19, 27 and 29 function together to supply 
the fluid to the cylinders 3 under the control of the controller 18. Otherarrangements 
for performing these functions are well known to those skilled in the art and can be 
substituted while remaining within the scope of the invention. 

The fixture block 5 rests on a tooling platform 6. According to one 
embodiment of the invention, the platform 6 is part of a screen printing machine and 
can be at a fixed height or moved up or down as indicated by arrow A by the screen 
printing machine. According to a further embodiment, the platform 6 is part of a 
placement machine and can be at a fixed height or moved up or down as indicated by 
arrow A by the placement machine. 

According to one embodiment of the invention, the controller 1 8 is a 
programmable controller that executes programmed instructions stored in a memory. 
According to a further embodiment, the controller 18 is a computer programmed to 
monitor and control the functions of a screen printing machine and to direct the 
operations of the valves 19, 27 and 29 in conjunction with the operation of the screen 
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printing machine. According to another embodiment, the controller 18 is a computer 
programmed to monitor and control the functions of a placement machine. 

Operation of the tooling fixture 1 according to an embodiment of the invention 
will be described with references to Figs. 3-5. As shown in Fig. 3, initially valve 19 is 
closed and valves 29 and 27 are in their first positions. All of the pistons 9 are at the 
bottom of the cylinders 3, and rods 1 1 are withdrawn into the block 5 to enable a 
workpiece 8 to be positioned above the tooling fixture 1 . The workpiece 8 can be 
substantially flat or can have vertical features. According to one embodiment the woik 
piece 8 is a printed circuit board with a lower surface populated with electronic 
components. On command from the screen printer, the controller 1 8 signals the valve 
19 to open and valve 27 to switch to its second position, allowing compressed air to 
flow to the accumulator 21 , thereby causing fluid to flow from the accumulator 21 to 
the manifold 7 and cylinders 3. Fluid is forced into the cylinders 3, driving the pistons 
9 towards the tops of the cylinders 3 and extending the rods 1 1 from the top of the 
block 5. 

As each rod 1 1 encounters the surface of the workpiece 8 it will stop while the 
remaining rods 1 1 continue to rise, as shown in Fig. 4. When all rods 1 1 have 
contacted the surface of the workpiece 8, as shown in figure 5, or the corresponding 
piston 9 reached the top of its cylinder 3, flow of fluid from the accumulator 21 to the 
manifold 7 will cease and the pressure in the manifold 7 and pipe 15 will increase 
rapidly. The pressure of the fluid in the manifold 7 and pipe 15 is monitored by the 
pressure sensor 17. The controller 18 compares the pressure sensed by the sensor 17 
with a predetermined threshold. When that threshold is exceeded, the controller 1 8 
closes the valve 19 and switches valve 27 to its first position. With the valve 19 
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closed, the volume of the fluid in the cylinders 3 and manifold 7 is fixed so that the 
workpiece 8 will not flex in response to force applied along the row of rods 1 1 
supported by the pistons 9. In addition, force applied to the workpiece 8 at a single 
point will be resisted by the stirxhess due to viscous flow of fluid between cylinders 3. 

According to one embodiment of the invention, the workpiece 8 is a printed 
circuit board within a screen printing machine. After the tooling platform 6 has been 
raised to bring the upper surface of workpiece 8 into contact with the stencil (not 
shown) and the valve 19 closed, as shown inFig. 5, a screen printing head (not shown) 
applies solder paste to selected portions of the top surface of the board. The screen 
printing head applies solder paste to the top surface of the printed circuit board along a 
line. According to this embodiment, the row of cylinders 3 is aligned with the screen 
printing head so that the force applied by the printinghead along the line is resisted by 
the row of rods 11. 

According to another embodiment of the invention, the workpiece 8 is a printed 
circuit board within a placement machine. After the valve 19 is closed, as shown in 
Fig. 5, a pick-and-place head (not shown) presses electronic components onto selected 
areas on the top side of the board. Stiffness due to viscous flow of fluid among the 
cylinders 3 prevents the board from flexing in response to pressure applied by the 
pick-and-place head. 

When the process that requires applying force to the top surface of the 
workpiece 8, for example, the screen printing or component placement operation, is 
complete, the controller 18 opens valve 19 and switches valve 29 to its second position 
to apply a vacuum to accumulator 21, drawing fluid form the cylinders 3 and retracting 
the rods 1 1 into the block 5. After sufficient time to allow all the. rods 1 1 to be 
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retracted, valve 19 is closed and valve 29 is switched to its first position. Then the 
workpiece 8 is replaced by a next workpiece 8 and the process is repeated. 

The sequence of operations for supporting a workpiece 8 with the tooling 
fixture 1 according to the invention is not limited to the one described in the relation to 
Figs. 3-5. Other sequences of operation can be used within the scope of the invention. 
For example, instead of extending the rods 1 1 until they all contact the workpiece 8, 
the rods 1 1 may first be all fully extended, with the tooling platform 6 starting in a 
lowered position. According to this embodiment the controller 18 opens the valve 19 
and switches valve 29 to its first position and valve 27 to its second position so that the 
pistons 9 are driven to the top of cylinders 3. Valve 27 is then switched to its first 
position connecting the accumulator 21 with the atmospheric vent via tube 31 . The 
controller 18 causes the platform 6 to rise so that, as each rod 1 1 contacts the 
workpiece 8, it pushes down the positions 9 into cylinders 3, displacing fluid form 
cylinders 3 to the accumulator 21 . Back pressure due to viscous flow of the fluid 
keeps the rods 1 1 extended until they are pushed down by the workpiece 8. When the 
platform 6 reaches its upper position the controller 18 closes valve 19, locking the rods 
1 1 in position. After use, the platform 6 is lowered, enabling the workpiece 8 to be 
replaced by the next workpiece. 

It should be noted that the tooling fixture 1 according to the invention is not 
configured before it encounters the workpiece 8. The configuration of the rods 1 1 will 
conform to the surface of the workpiece 8 regardless of the position or height of 
vertical features. As such, the tooling fixture 1 according to the invention will 
automatically adapt to each individual workpiece 8 irrespective of differences between 
types of workpieces. 
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Fig. 6 shows an array of rods 1 1 arrange on a fixture block 5 of a tooling 
fixture 1 according to an embodiment of the invention. Each of the rods 1 1 are 
connected with piston 9 in a cylinder 3 arranged within the body of the block 5, as 
described according to the above embodiments. Each row of the cylinders 3 aTe 
connected to a manifold 7 and valve 19 that supplies fluid to each of the cylinders 3 in 
that row. According to this embodiment, when air pressure is applied to the 
accumulator 21, fluid moves from accumulator 21 into the cylinders 3 raising the rods 
1 1 . When all of the rods 1 1 have contacted the workpiece 8 the pressure sensed by 
pressure sensor 17 rises and the controller 18 simultaneously closes all valves 19. 
According to another embodiment of the invention, where workpiece 8 does not span 
all of the rows of rods 1 1, the controller 18 is programmed to hold the valve 19 for 
rows that re not under the workpiece 8 closed throughout the operation so that the rods 
1 1 in those rows remain retracted within the block 5. 

Fig. 7 shows an array of rods 11 arranged on a fixture block 5 of a tooling 
fixture 1 according to a further embodiment of the invention. Each of the rods 1 1 are 
connected with a piston 9 in a cylinder 3 arranged within the body of the block 5, as 
described according to the above embodiments. The cylinders 3 are connected to a 
common manifold 7 that supplies fluid to each of the cylinders 3 simultaneously. This 
embodiment functions as above except that a single valve 19 controls the full array of 
rods 1 1 . This embodiment is suitable for applications were relatively light force is 
applied for a short period such as exists in placement machines, as under these 
conditions, the stiffness of the system will prevent a single rod 1 1 or group of rods 1 1 
being depressed forcing fluid from their respective cylinders 3 into other cylinders 3 
and causing the other rods 1 1 to rise. For applications such as screen printing where 
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much higher forces are applied, the force is applied along the length of the print head 
and the previous arrangement, in which rows of rods 1 1 , aligned along the length of 
the print head, are each controlled from a separate valve 19 is more suitable, as these 
valve 1 9 prevent fluid from one row moving to an alternative row and prevent 
depression of the rods 1 1 . 

Fig. 8 shows an exploded view of a block segment 50 according to another 
embodiment of the invention. The block segments 50, each contain two rows of rods 
1 1 and a plurality of such block segments 50 can be bolted together to form an array of 
rods 1 1 , as shown in Figs. 6 or 7. The block segments 50, shown in Fig. 8 are each 
assembled from a manifold section 51, a cylinder section 53, and a top section 55. 
Grooves 57 are cut in the manifold section 5 1 to form the manifold 7. Outlet holes 59 
are cut in the end of the manifold section 51 to intersect the grooves 57. These outlet 
holes 59 are connected with the valves 19, as shown in Figs. 6 and 7. Cylinders 3 are 
provided through the cylinder section 53. Pistons 9 and rods 1 1 are inserted into the 
cylinder section 53. The rods 1 1 extend through holes in the top section 55. The 
manifold sections 51, cylinder sections 53 and top section 55 are fixed to one another 
together by screws (not shown) that pass through counter-bored holes 61 in top plate 
55, clearance holes 62 in cylinder sections 53 and into threaded holes 63 in manifold 
section 51. A gasket (not shown) may be placed between manifold section 5 1 and 
cylinder section 53 to form a fluid-tight seal. 

Fig. 9 shows a perspective view of a module 100 for a tooling fixture according 
to another embodiment of the invention. This module is shown, for purposes of 
illustration only, to contain two rows of support rods 150, with 1 6 rods in each row 
within its body 1 00a. Fig. 12 is a sectional view of the module 100 through one row of 
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support rods 150 depicting the functioning and placement of the module's internal 
parts. Each rod has a piston 151 integrally connected at its lower end. Several bores 
(140a-140c) are formed lengthwise in the body 100a. The two bores 140a each form 
a manifold 140 for connecting the lower ends of a plurality of cylinders 120, and for 
5 enabling fluid to be introduced into the manifolds and each of the cylinders (see Fig. 
9). The cylinders are each inserted into bored holes 155 formed vertically in the 
module body 100a and are retained therein by an internal C-cKp 120d. Introduction of 
a fluid 1 17 into the module's manifold, via a control valve 200, creates a pressure in 
both the manifold 140 and the cylinder body 120a (below the rods) which acts on the 
10 pistons 151 toraisethem along with their respective rods 150 individually. When the 
module is in its rest state (no fluid flows through control valve 200), the volume of 
fluid 1 1 7 is constrained within the manifold 140 and the lower portion of cylinders 
120. At this point, although the individual rods 150 in each row may move with 
respect to each other to conform to variations in the workpiece 8, the workpiece is 
1 5 fully supported by the row of rods. 

In order to set the rod heights for a new workpiece 8, it is first necessary to 
retract all of the rods 150 back into their respective cylinders 120. This is achieved by 
applying pneumatic pressure to control valve 202 and to the upper portions of 
cylinders 120 simultaneously. This in effect forces rods 150 back into cylinders 120 
20 while also forcing the fluid 117 in the manifold 140 and cylinders 12 back into fluid 
reservoir 192, thus allowing rods 150 to fully retract back into the module body. Fig. 
10 is a perspective view of one example of an individual cylinder 120 to be used and 
Fig. 11 is aperspective view of one example of a support rod 1 50 to be used in the 
cylinder. With this type of cylinder, each support rod 150 has a piston 151 formed at 



20 



its lower end. Fig. 12 shows the cylinder as used in module 100. A first seal 152 
provides a sliding fit between the piston 151 and an inner bore 1 30 of cylinder body 
120a, while a second seal 153 is fitted inside the upper end of cylinder body 120a to 
form a sliding seal between each rod and cylinder body. The cylinder body 120a is 
open at its lower end in order to receive the rod 1 50 and piston 1 51 assembly and for 
introduction of fluid 117 therein to push up the piston 151 and extend the rod 150 from 
the upper end of the cylinder 120. The cylinder body 120a further includes a bottle- 
neck shaped portion at its upper end which appears as a grove from the exterior 
surface. Within this grove shaped portion of the cylinder body are holes 120b that 
enable fluid to be introduced above the piston 151, pushing the piston down and 
retracting the rod back within the cylinder. Two Oring seals 120c are located between 
the cylinder body 120a and a bore hole 155 in the module body 200a to prevent fluid 
from leaking out of the module or from between the upper and lower apertures in 
cylinder body 120a. 

Fig. 13 shows a preferred embodiment of a single module 100. In this 
embodiment, the rods 150 and their associated bearings and seals are retained in the 
module body 100a by a top plate 110. Beneath the body is a hydraulic tube 130 
having fitted blocks 160 used to fix each module to the base of the tooling fixture. At 
one end of the tube 130 is a preferred design of control valve 200. Also shown as part 
of the module design are bleed valves 170 used for charging of the module's manifold 
140 with fluid and further for elimination of air from the region being charged. Fig. 14 
shows a plan view looking down on the module 100 and Fig. 15 is a partial sectional 
view of the module along the line A-A as provided in Fig. 14. In the latter view, it can 
be seen that the tube 1 30 has within it a main piston 132 at one end, while the control 
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valve 200 is at its opposite end. A pneumatic connection 134 is formed at one end of 
the tube 130 before the main piston 132 for supplying pneumatic pressure to the tube. 

This preferred embodiment works as follows. In order to raise the rods 150 
from within the cylinder assembly 120, pneumatic pressure is applied to tube 130 by 
5 way of connection 134 (see Fig. 15). This in effect forces main piston 132 towards the 
hydraulic fluid contained within tube 130, thus forcing the fluid through control valve 
200 and into the manifolds 140. As a result, the interconnected lower ends of each 
cylinder 120 fill up with the fluid and cause their respective piston 151 and rod 150 
upward. Similarly, by applying vacuum to connection 134 instead of a positive 

1 10 pneumatic pressure, main piston 132 will be forced away from the fluid, drawing the 
S fluid out of the manifolds 140 and cylinders 120, thns retracting the rods 150 back into 
| their respective cylinders. Fig. 16 shows an enlarged and detailed view of a preferred 
* emb0 dimentoftherodsl50a S identifiedbymeareaBinFig.l5,whileFigs.l7and 

O 18 show an enlarged and detailed view of a preferred embodiment of the control valve 

M 15 200 and its operation, as identified by area C in Fig. 15. 

2 In Fig. 16 the module 100 shows the series of cylinders 120 extending from the 
upper surface of the horizontal manifolds 140 for receiving hydraulic fluid. The 
manifolds 140 are sealed at each end by bleed valves 170, and are directly linked to the 
control valve 200. Each of the cylinders includes an assembly consisting of rod 150, 

20 bearings 152, lip seal 154 and an O-ring seal 156. As mentioned previously, these 
cylinders are retained in position by the top plate 1 10. TheO-rings 156 form a seal 
between bearings 152 and the cylinder 120. Each rod 1 50 has a precision sliding fit 
into bearings 1 52 such that the rods can be raised and lowered with very little applied 
force while at the same time preventing any leakage of fluii past the bearings. Any 
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thin film of fluid that does pass through bearings 152 is then trapped by a wiping 
action of lip seals 1 54, also having a precision sliding fit with the rods. In order to 
limit the rod's upward travel in the event that it is not stopped at a lower level by 
contact with the workpiece to be supported, a retaining ring 158 is attached to the 
lower end of each rod 150. 

A detailed view of the operation of control valve 200 in its preferred 
embodiment is shown in Figs 17 and 18. Fig. 17 shows the valve in its fully open 
position and Fig. 1 8 shows the valve in its closed position. The valve body 200 is 
coupled to one end of pneumatic tube 130 in a sealed fashion with the aid of two O- 
rings 136. Slidably mounted within the body 200 is a piston 220. This piston has a 
hollow bore 230 running along its length, which is sealed at one end by a rigid ball 222 
that is press-fit into the bore 230. Piston 220 is sealed at its opposite end by a screw 
238 that further attaches a flexible diaphragm 234 thereto with the aid of a washer 236. 
A series of cross-drilled holes 224, 226 and 228 provide a path for fluid to flow from 
the piston's inner bore to the manifold 140 by way of a chamber 202 within valve 200. 
A spring 240 is provided to apply a force to piston 220 in an opposite direction to the 
flow of fluid as shown in Fig 17. A screw 250 enables adjustment of the force applied 
by the spring 240 to the piston 220. 

The operation of the control valve works as follows. When pneumatic pressure 
is applied to main piston 132 in tube 130, fluid can pass from this tube through holes 
224 into the inner bore of piston 220 as shown in Fig. 17. This fluid will then pass 
through holes 226 to chamber 202 and then into manifold 140 and cylinders 120, thus 
forcing the rods 150 upward. When all of the rods have made contact with the 
workpiece to be supported, or have reached their upper limit, no further fluid will pass 
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into chamber 202 since the manifold and cylinders will not be able to take in any more 
fluid. As a result, the fluid pressure will start to rise. This rise in fluid pressure will be 
transmitted through holes 228 and into chamber 206 where it will act upon diaphragm 
234 as well as acting on the sealed left-hand end of piston 220 (as shownin Fig. 18). 
When the force created by this pressure exceeds that of spring 240, the piston will 
overcome the force applied to it by the spring and the spring will begin to compress 
(see Fig. 18). As stated previously, the spring 240 is pre-tensioned byadjustment 
screw 250 so that when the force required to start compressing the spring has been 
exceeded, very little extra force is required to compress it to the position as shown in 
Fig. 1 8. In this position the holes 226 no longer allow fluid to flow into or out of 
chamber 202, effectively locking the rods 1 50 in their current position. To prevent any 
small leakage between the piston 220 and the valve body 200 from causing any slow 
upward drift of the rods, an additional O-ring 232 is fitted in a groove in piston 220, 
forming a tight seal and preventing any fluid from passing out of tube 1 30. Therefore, 
as long as a relatively high pressure is maintained on piston 1 32, the rods will remain 
locked at their set heights and continue to support the workpiece. 

When the pneumatic pressure applied to piston 132 is removed, the fluid 
pressure in tube 130 will drop and the force applied by spring 240 will return the 
piston to its open position. Application of vacuum applied to piston 132 can draw it 
away from the valve assembly, releasing fluid pressure and drawing piston 220 away 
from spring 240. This will cause the fluid to freely flow through the valve and back 
into tube 130, thus lowering the rods back into their respective cylinders. In this 
manner, it is evident that the fluid pressure applied to the rods 1 50 to raise them is 
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limited by the force applied by spring 240, which can be set by selecting a suitable 
spring and by adjustment of screw 250. 

Figs 19 through 21 provide alternative embc»diments of tooling fixtures 
utilizing alternative valve assemblies and pneumatic pressure sources for controlling 
the raising and lowering of rods 1 50. 

Fig. 19 shows an alternative embodiment of the tooling fixture of Fig. 12, 
including an additional reservoir unit 192a and a second main piston 180a located 
therein. In this embodiment, when retraction of the rods 1 50 is desired, pneumatic 
pressure is simultaneously applied to valve 202 and reservoir 192a via a pipe 176, 
which does not act directly on the pistons 151 as in Fig. 12 of the previous 
embodiment, but instead acts on a second reservoir piston 180a to force fluid from a 
reservoir 192a through pipe 182a and to the upper portions of cylinders 120 via a 
manifold 146. Manifold 146 has apertures 120b that allow the fluid to enter a region 
148 providing access to the upper portion of the cylinders 120, and hence the top 
portion of pistons 151. In effect, the fluid entering manifold 148 will create a pressure 
that will force the pistons in a downward direction, retracting the rods 150 back into 
their cylinders. 

Fig. 20 shows yet another alterative embodiment of the tooling fixture of Fig. 
12 in which cylinder assemblies 120 are replaced by rod assemblies 520 mounted in 
body 540, which has a large singular cavity 517 in place of the plurality of cylinders. 
Each rod assembly 520 consists of a support rod 510 fitted with a C-clip 512 near its 
lower end to restrict the extent of its upward movement Furthermore, each rod 5 10 is 
mounted in a bearing 5 14 with a seal 516. These bearings have bores positioned 
axially through their centers such that the rods 5 1 0 have a close sliding relationship 
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with these bores. The bores also have a grove in the upper diameter of the bearings for 
seating the seals 516. The seals are provided to form a tight contact with the rods to 
prevent any fluid from escaping out of the module body. 

This system relies on the principle that in order to push a rod into cavity 5 1 7 it 
5 must displace some fluid, which in the system's rest state is prevented by a one-way 
check valve 203 and valve 202 which are connected in a parallel combination. In this 
embodiment pressure is not applied directly to retract the rods. Instead, a main piston 
580 is connected to a rod 597 extending from pneumatic cylinder 595. Applying 
pneumatic pressure to a pipe 566 forces valve 202 to open which provides a path 
10 between cavity 5 1 7 and reservoir 592. Pipe 566 is also connected to the body of 

cylinder 595, which acts to retract rod 597 back into cylinder 595, pulling piston 580 
along with it As a result, fluid is drawn from cavity 517, causing rods 510 to retract 
into this same cavity. To extend the rods 510 out of cavity 517 pneumatic pressure is 
applied to the opposite end of pneumatic cylinder 595 via pneumatic pressure pipe 
1 5 564, extending rod 597 out of cylinder 595 while moving piston 580 toward the fluid 
within the reservoir, forcing the fluid through check valve 203 and into cavity 517, 
extending the rods 510 upwards and out of module body 540. 

Fig. 21 shows still a further alternative embodiment of the tooling fixture of 
Fig. 12 in which the valve assembly 200 has been replaced by a permanent aperture 
20 674 positioned between the cavity 517 and fluid reservoir 592. A clamp 598 acts on 
rod 597 to restrict movement of the rod and its attached piston 580, thus coiistraining 
the volume of fluid in cavity 517 at a certain level. In this embodiment, whenever 
pneumatic pressure is applied to pipes 564 or 566 to move the rod 597 and piston 580 
combination towards or away from the fluid 517 contained within reservoir 592 



26 



respectively, pneumatic pressure must also be applied to pipe 599 to release clamp 598 
from holding rod 597 in a locked position and therefore allow the piston and rod to 
move freely. 

Those skilled in the art, having the benefit of the teachings of the present 
invention as hereinabove set forth, can effect numerous modifications thereto. These 
modifications are to be construed as being encompassed within the scope of the 
present invention as set forth in the appended claims. 
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CLAIMS 



WHAT IS CLAIMED IS: 

1. a tooling fixture comprising: 

a) a fixture block containing a plurality of parallel cylinders formed therein; 

b) a plurality of piston assemblies slidably fitted into said plurality of 
cylinders such that a portion of said piston assemblies can extend from the 
surface of said fixture block when said piston assemblies slide within said 
cylinders; 

c) at least one fluid reservoir connected in flow communication with said 
cylinders below said pistons; and 

d) means for reversibly forcing fluid from said reservoir into said cylinders. 



2. 



The tooling fixture as recited in claim 1 wherein said means for forcing fluid 
from said reservoir comprises a pneumatic pressure source cotmected to said reservoir 
interior. 

3. The tooling fixture as recited in claim 1 wherein said means for forcing fluid 
from said reservoir comprises a main piston slidably fitted within said reservoir, and 
means for sliding said main piston within said reservoir. 

4. The tooling fixture as recited in claim 3 wherein said means for sliding said 
m ain piston within said reservoir comprises a soume of pressurized fluid connected to 
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said reservoir interior at a location, with respect to said main piston, opposite the 
connection between said reservoir and said cylinders. 

5. The tooling fixture as recited in claim 3 wherein said means for sliding said 
main piston within said reservoir comprises a hydraulic cylinder connected to said 
main piston via a rod. 

6. The tooling fixture as recited in claim 3 wherein said means for sliding said 
main piston within said reservoir comprises a pneumatic cylinder connected to said 
main piston via a rod. 

7. The tooling fixture as recited in claim 1 , further comprising means connected 
between said fluid reservoir and said cylinders for controlling the flow of fluid 
therebetween. 

8. The tooling fixture as recited in claim 7, wherein said means for controlling the 
flow of fluid comprises a pressure-sensitive shut-off valve that automatically stops the 
flow of fluid into the cylinders when the pressure exerted by the fluid reaches a 
predetermined value. 

9. A tooling fixture comprising: 

a) a base; and 

b) at least one support module mounted on said base, said support module 
comprising: 
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1 ) a module body containing a plurality of parallel cylinders formed 
therein aligned in at least one row, and at least one manifold connecting 
said aligned row of cylinders; 

2) at least one fluid reservoir connected in flow communication with 
said manifold; 

3) a plurality of piston assemblies slidably fitted into said plurality of 
cylinders such that a portion of said piston assemblies can extend from 
the surface of said module body when said piston assemblies slide 
within said cylinders; and 

4) means for reversibly forcing fluid from said reservoir into said 
manifold and from said manifold into said cylinders. 

10. The tooling fixture as recited in claim 9, wherein said means for forcing fluid 
from said reservoir comprises a main piston slidably fitted within said reservoir, and 
means for sliding said main piston within said reservoir. 

11. The tooling fixture as recited in claim 10, wherein said means for sliding said 
main piston within said reservoir comprises a source of pressurized fluid connected to 
said reservoir interior at a location, with respect to said main piston, opposite the 
connection between said reservoir and said manifold. 

12. The tooling fixture as recited in claim 10, wherein said means for sliding said 
main piston within said reservoir comprises a hydraulic cylinder connoted to said 
main piston via a rod. 
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1 3 . The tooling fixture as recited in claim 10 wherein said means for sliding said 
main piston within said reservoir comprises a pneumatic cylinder connected to said 
main piston via a rod. 

14. The tooling fixture as recited in claim 11, wherein said means for sliding said 
main piston further comprises a source of negative pressure connected to said reservoir 
interior at a location, with respect the main piston, opposite the connection between 
said reservoir and said manifold. 

1 5 . The tooling fixture as recited in claim 9, further comprising: 

a) a second manifold in said module body connecting the cylinders in each 
row, said second manifold being located on an opposite side of said piston 
assemblies from said first manifold; and 

b) a second source of pressurized fluid connected to said second manifold. 

16. The tooling fixture as recited in claim 15, wherein said second source of 
pressurized fluid comprises: 

a) a second fluid reservoir; 

b) a second main piston slidably fitted within said second fluid reservoir; and 

c) a source of pressurized fluid connected to said second fluid reservoir 
interior at a location, with respect to said second main piston, opposite the 
connection between said second reservoir and said second manifold. 
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17. The tooling fixture as recited in claim 15, wherein said second source of 
pressurized fluid comprises a pneumatic pressure source. 

18. The tooling fixture as recited in claim 10, further comprising means connected 
between said fluid reservoir and said at least one manifold for controlling the flow of 
fluid therebetween. 

19. The tooling fixture as recited in claim 18, wherein said means for controlling 
,he flow of fluid comprises a one-way check valve and a pneumatic valve in parallel 
combination. 

20. The tooling fixture as recited in claim 10, wherein said fluid reservoir 
comprises a cavity integrally formed in said module body. 

21. The tooling fixture as recited in claim 9, further comprising cylinder sleeve 
assemblies disposed in said cylinders between said piston assemblies and said cylinder 
walls. 

22. The tooling fixture as recited in claim 9, wherein said piston assemblies 
comprise a piston, aod a rod of lesser diameter than said piston secured to a surface of 
said piston. 

23. The tooling fixture as recited in claim 10, wherein said fluid reservoir 
comprises a tube integrally attached to said module body. 
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24. The tooling fixture as recited in claim 1 8, wherein said means of controlling 
the flow of fluid comprises a pressure-sensitive shut-off valve that automatically stops 
the flow of fluid into the cylinders when the pressure exerted by the fluid reaches a 
predetermined value. 

25. The tooling fixture as recited in claim 24, wherein said pressure sensitive shut- 
off valve comprises: 

a second slidable piston assembly disposed in said fluid reservoir between said 
first main piston and said manifold; 

a second main piston having an axial bore formed therein, and at least two sets 
of radially oriented bores through said second main piston and intersecting with said 
second bore, and a rigid ball at a first end for sealing off said axial bore; 

a spring connected at one end to said second main piston and at its other end to 
a screw for adjusting the force applied by said spring .to said second piston; and 

a diaphragm positioned between said main piston and said spring. 

26. A tooling fixture for supporting a workpiece comprising: 

a) a base; and 

b) at least one support module mounted on said base, said support module 
comprising: 

a module body containing a plurality of cylinders formed therein aligned in at 
least one row, and interconnected at their lower ends by at least one manifold; 

a hydraulic pressure tube integrally connected to said module body and in flow 
communication with said manifold and containing a main piston therein; 



33 



a control valve assembly connected between said hydraulic pressure tube and 
said manifold for controlling the flow of fluid therebetween; 

a plurality of pistons slidably fitted into said plurality of cylinders such that a 
portion of said pistons can extend from a surface of said module towards said 
workpiece when said pistons slide within said cylinders; and 

a pneumatic pressure source connected to said hydraulic fluid tube for 
applying a positive pneumatic pressure to said main piston. 

27. The tooling fixture as recited in claim 26, wherein said control valve assembly 
comprises a pressure-sensitive shut-off valve mat prevents the flow of fluid from said 
hydraulic fluid tube into said manifold when the fluid pressure exceeds a 
predetermined value, and allows fluid to flow from said hydraulic fluid tube into said 
manifold when said fluid pressure is below a predetermined value. 

28. The tooling fixture as recited in claim 27, wherein said pressure 
sensitive shut-off valve comprises: 

a second slidable piston assembly disposed in said fluid reservoir between said 

first main piston and said manifold; 

a second main piston having an axial bore formed therein, and at least two sets 
of radially oriented bores through said second main piston and intersecting with said 
second bore, and a rigid ball at a first end for sealing off said axial bore; 

a spring connected at one end to said second main piston and at its other end to 
for adjusting the force applied by said spring to said second piston; and 
diaphragm positioned between said main piston and said spring. 



a screw 

a 
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29. The tooling fixture as recited in claim 28, wherein said spring applies an 
amount of pressure on said piston equal and opposite to said predetermined value, such 
that when said fluid pressure exceeds said predetermined value, said piston slides 
toward said spring thereby forcing the valve assembly into a closed state preventing 
the further flow of fluid into the manifold. 

30. A tooling fixture for supporting a workpiece comprising: 

a module body containing a plurality of cylinders formed therein, the lower 
portion of said plurality of cylinders being connected by a first manifold and the upper 
portion of said plurality of cylinders being connected by a second manifold; 

a fluid reservoir integrally formed in said module body and containing a 
floating main piston therein; 

a valve assembly comprising a one-way check valve and a pneumatic control 
valve in parallel combination and connected between said fluid reservoir and said first 
manifold for controlling the flow of fluid therebetween; 

a plurality of pistons intergrally connected to rods and slidably fitted into said 
plurality of cylinders such that said rods can extend from a surface of said module 
towards said workpiece upon sliding of said piston within said cylinders; 

a first pneumatic pressure source connected to said fluid reservoir for 
providing pressure to said main piston; and 

a second pneumatic pressure source connected to said second valve and said 
second manifold. 
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31. The tooling fixture as recited in claim 30, wherein said second pneumatic 
pressure source applies pressure to said second valve and to said second manifold 
simultaneously opening said valve to allow fluid to flow from said first manifold into 
said fluid reservoir and forcing said rods to retract into said module body. 

32. A tooling fixture for supporting a workpiece comprising: 

a module body containing a plurality of cylinders formed therein, the lower 
portion of said pluraliry of cylinders being connected by a first manifold and the upper 
portion of said plurality of cylinders being connected by a second manifold; 

a first fluid reservoir integrally formed in said module body and containing a 

first floating main piston therein; 

a second fluid reservoir integrally formed is said module body and containing a 
second main piston therein, said second fluid reservoir connected to said second 
manifold by a continuous flow path; 

a valve assembly comprising a one-way check valve and a pneumatic control 
valve in parallel combination connected between said first fluid reservoir and said first 
manifold for controlling the flow of fluid therebetween; 

a plurality of pistons integrally connected to rods and slidably fitted into said 
plurality of cylinders such that said rods can extend from a surface of said module 
towards said workpiece upon sliding of said pistons within said cylinders; 

a first pneumatic pressure source connected to said first fluid reservoir for 
providing pressure to said first main piston; and 
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a second pneumatic pressure source connected to said second valve and said 
second fluid reservoir. 

33. The tooling fixture as recited in claim 32, wherein said second pneumatic 
pressure source simultaneously applies pressure to said second valve to cause it to 
open and allow fluid to flow from said first manifold into said first reservoir and to 
said second fluid reservoir such that fluid from said second fluid reservoir is forced 
through said continuous flow path into said second manifold to force said rods to 
retract into said module body. 

34. A tooling fixture for supporting a workpiece comprising: 

a) a module body having a fiat top surface with a plurality of apertures, and a 
first fluid reservoir cavity formed therein; 

b) a plurality of rods slidably mounted in the apertures of said top surface and 
extending into said first fluid reservoir cavity; 

c) a second fluid reservoir integrally formed with said module body and 
connected in flow communication with said first reservoir, 

d) a main piston slidably fitted in said second fluid reservoir, 

e) means for controlling the flow of fluid from said second reservoir to said 
first reservoir; 

f) means for sliding said main piston within said second reservoir. 
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35. The tooling fixture as recited in claim 34 wherein said means for controlling 
the flow of fluid comprises a control valve assembly connected between said first and 
second reservoirs and in flow communication therewith. 

36. The tooling fixture as recited in claim 35 wherein said control valve assembly 
comprises a one-way check valve and a pneumatic control valve in parallel 
combination. 

37. The tooling fixture as recited in claim 36, wherein said means for sliding said 
main piston comprises a source of pressurized fluid connected to said second fluid 
reservoir interior at a location, with respect to said main piston, opposite said 
connection between said first and second fluid reservoirs. 

38. The tooling fixture as recited in claim 37, wherein said source of pressurized 
fluid comprises a pneumatic pressure source. 

39. The tooling fixture as recited in claim 36, wherein said means for sliding said 
main piston comprises a pneumatic cylinder connected at one end to said main piston 
via a connecting rod and to a first source of pneumatic pressure, and connected at its 
opposite end to a second source of pneumatic pressure. 

40. The tooling fixture as recited in claim 39, wherein said pneumatic control valve 
is connected to said first source of pneumatic pressure. 
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41. The tooling fixture as recited in claim 40 wherein the application of pneumatic 
pressure opens said pneumatic control valve to allow fluid to flow from the first 
reservoir to the second reservoir while simultaneously causing the pneumatic cylinder 
to retract the main piston in the second reservoir. 

42. The tooling fixture as recited in claim 34 wherein said first and second 
reservoirs are separated by a wall, and said means for controlling the flow of fluid 
comprises an aperture of fixed size in said wall. 

43. The tooling fixture as recited in claim 42, wherein said means for sliding said 
main piston comprises a pneumatic cylinder connected at one end to said main piston 
via a connecting rod and to a first source of pneumatic pressure, and connected at its 
opposite end to a second source of pneumatic pressure. 

44. The tooling fixture as recited in claim 43, wherein said pneumatic cylinder 
further includes a clamp connected at one end for prohibiting said connecting rod from 
moving when in a closed state and allowing said connecting rod to move freely when 
in an open state. 

45. The tooling fixture as recited in claim 44, wherein said clamp is in said open 
state when pressure is applied thereto for permitting said connecting rod to extend and 
retract within said pneumatic cylinder and said second fluid reservoir, and in said 
closed state when pressure is removed from it prohibrting said connecting rod from 
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extending and retracting within said pneumatic cylinder and said second fluid 
reservoir. 

46. A method for supporting a workpiece comprising the steps of: 

1) providing a tooling fixture proximate the workpiece, the tooling fixture 
comprising: 

a) a support module body having a plurality of moveable pistons fitted 
in a plurality of cylinders formed therein, said pistons being capable of 
extending through the top of said module body to contact said 
workpiece; 

2) applying pneumatic pressure to a piston contained in a fluid reservoir 
connected to said cylinders to move said piston and force fluid from said reservoir into 
said cylinders to force said pistons to emerge from said cylinders until they contact 
said workpiece. 

47. The method of claim 46 further comprising controlling a valve assembly 
positioned between said fluid reservoir and said cylinders to be in an open state prior 
to applying said pneumatic pressure to said reservoir piston. 

48 . The method as recited in claim 47, further comprising the step of causing said 
valve to close when all of said pistons aTe in contact with and supporting the 
workpiece. 
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49. The method according to claim 48, further comprising the step of opening and 
closing the valve assembly when the fluid pressure reaches a predetermined value. 

50. The method according to claim 49, further comprising the step of setting the 
predetermined value to be the same value required to place ail of the pistons in contact 
with the workpiece. 
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ABSTRACT 

A tooling fixture includes a plurality of cylinders in a module fitted with 
pistons in which a portion thereof extends from the surface of the module. The 
cylinders are connected with a fluid source by a control valve assembly. The control 
valve assembly controls the amount of fluid to enter the cylinders in order to raise the 
pistons until a portion therof are in contact with and support a workpiece. Once all of 
the pistons are in contact with and are fully supporting the workpiece, the fluid 
pressure is stabilized, mamtaming the pistons at their set heights. 

Once the pistons are desired to be lowered, the valve assembly opens and the 
fluid can freely exit the cylinders and retract the pistons back into the module. 
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FIG. 2 
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